Objective: To investigate potential personal, social and physical environmental predictors of daily fruit intake and daily vegetable intake in 11-year-old boys and girls in nine European countries. Subjects: The total sample size was 13 305 (90.4% participation rate). Results: Overall, 43.2% of the children reported to eat fruit every day, 46.1% reported to eat vegetables every day. Daily fruit intake and daily vegetable intake was mainly associated with knowledge of the national recommendations, positive self-efficacy, positive liking and preference, parental modeling and demand and bringing fruit to school (odds ratio between 1.40 and 2.42, Po0.02). These factors were associated fairly consistently with daily fruit intake across all nine European countries, implying that a rather uniform intervention strategy to promote fruit can be used across Europe. For vegetables, the pattern was, however, less consistent. Differences between countries in cooking and preparing vegetables might be responsible for this larger diversity. Conclusions: This study showed that especially a combination of personal and social factors is related to daily fruit and vegetable intake in schoolchildren. This shows that a comprehensive multilevel intervention strategy based upon a series of individual and social correlates will be most promising in the promotion of daily fruit and vegetable intake in children.
Introduction
Epidemiological evidence suggests that regular consumption of fresh fruit and vegetables is associated with lower risks of certain types of cancer (Paolini et al., 2003) , heart disease (Joshipura et al., 2001) and obesity (Pesa and Turner, 2001) . Nevertheless, people in many countries, including children eat less fruit and vegetables than recommended. A number of international recommendations and population targets have been published regarding the desirable level of consumption of fruit and vegetables for adults and children (Yngve et al., 2005) . Guidelines are expressed in portions or in grams and considerable differences in recommendations appear between countries. In addition, there is inconsistency about including or excluding for example potatoes, fruit juice, vegetable soup and tubers (Yngve et al., 2005) . In general, all recommendations advise at least daily consumption of fruit and vegetables. The consumption of at least one portion of fruit and one portion of vegetables can be considered to be an absolute minimum in children and adults (Yngve et al., 2005) . However, also with this minimum recommendation, a considerable proportion of children still do not meet the guideline. The Health Behavior in School-Aged Children (HBSC) Study investigated fruit and vegetable intake in 35 countries and found for 11-year olds 19-58% of the children reporting to eat fruit every day and 13-55% to eat vegetables every day. In most countries, the proportion of students who eat fruit and vegetables every day also decreased with increasing age (Vereecken et al., 2004) . The promotion of daily fruit and vegetable consumption in schoolchildren is important, since food habits established in childhood may to a certain extent track into adolescence and adulthood (Birch, 1990; Lien et al., 2001; Mikkilä et al., 2004) , and food habits in children may still be more flexible for change (Birch, 1990) .
Intervention studies designed to promote fruit and vegetable intake in children need to be informed by knowledge of predictors of intakes . The consumption of fruit and vegetables among schoolchildren is a complex phenomenon in which personal, social and physical environmental factors may have mutual influences. Personal cognitive and affective factors such as proposed in socialcognitive theories (Armitage and Conner, 2000) include such factors as knowledge, attitude, liking, self-efficacy, preference and perceived barriers. Social and physical environmental factors are highlighted in so-called social-ecology models (Swinburn et al., 1999) . Social environmental factors for children include family and friends, while physical environmental factors include availability and accessibility of healthy or unhealthy foods at home, in schools or in the neighborhood. To date, most studies investigating possible predictors of fruit and vegetable consumption in children, included only part of the possible predictors outlined above, often focusing on personal or physical environmental factors only . No cross-national studies are available studying differences and similarities in predictors across countries in Europe. The diversity in the physical and social environments within European countries could result in variation in predictors of daily fruit and vegetable intake in children within different countries. Furthermore, although previous studies showed more fruit and vegetable intake in girls compared to boys (Yngve et al., 2005) , it is not clear whether other predictors are important in boys than in girls.
The aim of the present study was to investigate potential personal, social and physical environmental correlates of daily fruit intake and daily vegetable intake in 11-year-old boys and girls in nine countries in Europe.
Methods

Sample
The sample was from the cross-sectional study of the Pro Children project. This project aimed at promoting and sustaining health through increased vegetable and fruit consumption among European schoolchildren, involving nine European countries (Austria, Belgium, Denmark, Iceland, the Netherlands, Norway, Portugal, Spain and Sweden). The cross-sectional survey was conducted as a pre-intervention needs assessment in these countries during October-December 2003. Pupils completed a questionnaire in the classroom. Ethical approval was obtained from all relevant ethics committees in all countries and written informed consent forms were signed by parents of all participating children.
Schools constituted the sampling unit, and from each country random samples of at least 20 schools and a minimum of 1300 11-year-old eligible children were recruited. A participation rate of 90.4% was reached in the participating schools; mean age was 11.4 years (range 8.8-13.8, s.d. ¼ 0.48; 79% of the children were born in 1992). The final sample sizes varied from 1105 for the Netherlands to 2134 for Portugal, with a total sample size of 13 305. A detailed description of the Pro Children project, including the sampling and data collection procedure is given elsewhere Yngve et al., 2005) .
Questionnaire A self-report questionnaire was developed to measure fruit and vegetable intake, and possible correlates. The development of the questionnaire was based on theoretical models, a literature review, focus group interviews with children, individual interviews with parents and school staff and thorough pretesting Wind et al., 2005) . A rigorous translation -back translation protocol was used to make sure that the questions were well understood in each country and measured the same constructs. The questionnaire included 15 constructs that were analogous for fruit and for vegetable intake: (1) personal factors: knowledge (how much fruit/vegetables you should eat), attitudes (feel good, gives energy), liking (like to eat, tastes good), general self-efficacy (difficult to me, I can do it), preferences (12 fruits/vegetables like/dislike) and perceived barriers (time, hungry, squeezed, so ony), (2) perceived social-environmental factors: modeling (mother/ father/best friend eats fruit/vegetables), active parental encouragement (mother/father encourages), family rulesdemands (parents demand to eat fruit/vegetables) and allowances (allowed to eat as much fruit/vegetables as you like) -parental facilitation (cut fruit/vegetables for you) and bringing fruit/vegetables to school, (3) perceived physicalenvironmental factors: availability at home (different fruits/ vegetables, fruit/vegetables that you like, if you like it will be bought), availability at school (can you get fruit/vegetables at school) and availability at friends' home (can you get fruit/ vegetables at friends' home). These constructs were assessed with 1-12 items, and for each construct a composite score was calculated as the mean of the relevant item scores. Responses were given on 5-point scales ranging from (À2) fully disagree/never to ( þ 2) fully agree/always. An overview of the items, constructs and scaling are reported elsewhere Sandvik et al., 2005) . A separate study in five countries showed sufficient internal consistencies for composite scores (alphas between 0.59 and 0.89), good to very good test-retest reliability (most ICC40.60; all ICC40.50) and moderate to good predictive validity (Spearman r ranging from 0.16 to 0.54 for personal factors, and from 0.05 to 0.38 for physical environmental factors) compared to other studies . Usual fruit and vegetable intake was measured using a food-frequency questionnaire. Children were asked how often they usually eat fresh fruit, salad or grated vegetables, other raw vegetables and cooked vegetables. Response categories were (1) never, (2) less than 1 day per week, (3) 1 day per week, (4) 2-4 days a week, (5) 5-6 days a week, (6) every day, once a day, (7) every day, twice a day and (8) every day, more than twice a day. A separate study was executed to test the reliability and validity of these intake measures in six countries. Results showed good test-retest reliability (Spearman r from 0.45 to 0.77), and adequate validity comparing the food-frequency questions with 7-day food records (Spearman r from 0.38 to 0.53) .
Statistical analysis
Multilevel logistic regression analysis was used to investigate the associations of daily fruit intake and daily vegetable intake with personal, social and physical environmental variables, taking into account the nested design of children within schools and schools within countries. The fruit and vegetable frequency questions were dichotomized into 0 (no daily fruit/vegetable consumption, response category 1-5) or 1 (daily fruit/vegetable consumption, response category 6-8). The predictors were also dichotomized into 0 (negative or neutral, response category À2 to 0.49) or 1 (positive, response category 40.49) (Sandvik et al., 2005) . Adjusted odds ratio (OR) and 98% confidence intervals (CIs) are presented for the total sample, both gender groups and all nine countries separately. All analyses were conducted in 2005 using SPSS 12.0 and in MlWin version 2.02.
Results
Daily fruit and vegetable intake
The percentage of children reporting daily fruit and vegetable intake are reported in Table 1 . In the total sample, 43.2% of the children reported to eat fruit every day, 46.1% reported to eat vegetables every day. A significant gender difference was found for both outcome measures: 47.7% of the girls and only 38.9% of the boys reported to eat fruit daily (OR: 1.44, 98% CI: 1.33-1.56), while 51.8% of the girls and 40.5% of the boys reported to eat vegetables every day (OR: 1.58, 98% CI: 1.45-1.71). Significant differences were also found between the nine participating countries (Po0.001). For daily fruit intake, the lowest rates were found in the Nordic countries of Norway, Iceland and Sweden. The highest percentage of children reporting daily fruit intake was found in Portugal. For daily vegetable intake, low rates were again found in Norway and Iceland, but the lowest rate was found in Spain. The highest rates were found in the Netherlands, Belgium and Portugal.
Correlates of daily fruit and vegetable intake in the total sample For daily fruit intake, 5 of the 6 personal factors yielded significance in the total sample (Table 2 ). Daily fruit intake was more likely to be reported by children who knew the national recommendation for fruit intake, with positive selfefficacy, with a positive liking of the taste of fruit, with a preference for many different fruits and with a positive attitude toward fruit intake. In addition, 4 of the 6 socialenvironmental factors yielded significance. Daily fruit intake was more likely to be reported by children who experienced positive role models, by those with parents who demand them to eat fruit every day, by children with parents who facilitate fruit intake by cutting up fruit and by those bringing fruit to school. A similar pattern was seen for boys and girls separately. Not significantly related with daily fruit intake were the three physical-environmental factors (availability at home, school, friends), active parental encouragement, the allow family rule and perceived barriers.
For daily vegetable intake, also 5 of the 6 personal factors yielded significance in the total sample. In line with the predictors found for daily fruit intake, daily vegetable intake was related to liking many different kinds of vegetables, liking the taste of vegetables, positive self-efficacy and knowing national guidelines for adequate vegetable intake. These predictors were also significant in the gender-specific analyses. In the total sample, a positive attitude toward eating vegetables was also related to eating vegetables daily. This relationship was of similar strength but not significant in the analyses for boys and girls separately.
All six social-environmental factors also yielded significance in predicting eating vegetables every day. Demands Predictors of fruit and vegetable intake in children I De Bourdeaudhuij et al from parents to eat vegetables daily, modeling, active parental encouragement, bring vegetables to school, allowance to eat as much vegetables they like and cutting vegetables for the child were significant predictors. The association with the allow family rule and family facilitation was only significant in girls. Children who frequently have available vegetables they like at their home were more likely to report daily vegetable consumption. Not significantly related with daily vegetable intake were perceived barriers and availability at school and at friends' house.
Country-specific correlates of daily fruit and vegetable intake Table 3 shows the results of the multilevel logistic regression analyses for daily fruit intake for the nine countries in the Pro Children study. Owing to the lower statistical power in these smaller samples, relatively high ORs did not always reach significance. In all nine countries, daily fruit intake was significantly more likely to be reported by children knowing the national guideline, with almost all ORs above 2.00. In most countries, daily fruit intake was also associated with positive self-efficacy. Positive liking and preferences scores were significant in 3-5 countries. Modeling was the social-environmental component significantly associated with daily fruit intake in all countries. Bringing fruit to school predicted daily fruit intake in all countries, but one (Spain), with ORs between 2.36 and 4.06. More demands from parents to eat fruit daily and parental facilitation were significant predictors for daily fruit intake in about half of the participating countries. None of the availability factors was significantly associated in the separate countries, with the exception of availability at school in Norway. Not significantly related with daily fruit intake were perceived barriers, active parental encouragement and the allow family rule. Table 4 shows that predictors were less consistent for vegetables compared to daily fruit intake. Preferences for many vegetables, positive self-efficacy toward eating vegetables, and liking the taste of vegetables were positively associated with daily vegetable intake in most countries. ORs were typically below 2.00. A better knowledge of recommendations yielded significance in five of the nine countries. More parental demand and modeling were the socialenvironmental components that were positively associated with daily vegetable intake in most countries. Bringing vegetables to school and active parental encouragement predicted vegetable intake in four and three countries, respectively. In Spain, none of the social-environmental factors yielded significance. Home availability of vegetables was only significant in Iceland, none of the other availability components reached significance.
Discussion
The present study is unique in its combination of a comprehensive set of possible correlates in a cross-national Predictors of fruit and vegetable intake in children I De Bourdeaudhuij et al Table 3 Odds ratios and confidence intervals of multiple binary logistic regressions explaining daily fruit intake by country Predictors of fruit and vegetable intake in children
sample, including nine European countries. Results show that personal, social-environmental as well as physicalenvironmental factors are associated with likelihood of fruit and vegetable intake in children across countries. However, analyses showed that personal and social-environmental factors are stronger predictors than physical-environmental factors in this age group. Effect sizes were in general somewhat larger for fruit intake than for vegetable intake. This is in line with the study by Gibson et al. (1998) reporting larger explained variances for fruit intake than for vegetable intake in 9-to 11-year olds. This may be because vegetables are often part of regular meals and may therefore be less under volitional control in children, leading to weaker associations between potential determinants and intake levels (Bogers et al., 2004) . Knowledge of the prevailing recommendations was positively related to daily fruit and vegetable intake. This is in line with the study of Sandeno et al. (2000) in 4-6 graders. In the present sample, 55% (boys) to 61% (girls) knew the fruit recommendations, whereas only 23% (boys) to 24% (girls) knew the vegetable guidelines (Sandvik et al., 2005) . The simple strategy of teaching these recommendations in elementary schools may be important to make daily intake more likely. Liking and preferences were also related to likelihood of daily intake of both fruit and vegetables, and such taste preferences have repeatedly been shown to be a good predictor of food choices (Domel et al., 1996; Resnicow et al., 1997; Lien et al., 2002; Neumark-Sztainer et al., 2003; Bere and Klepp, 2004) . Repeated exposure to many different kinds of fruit and vegetables at early age might be a good strategy to improve liking (Wardle et al., 2003; Patrick and Nicklas, 2005) . Positive self-efficacy was a third personal factor related to daily intake of fruit and vegetables. Children who were confident that they can eat fruit or vegetables daily were one and a half time more likely to eat vegetables daily and more than two times more likely to eat fruit daily. The literature is inconsistent about the relationship between selfefficacy and fruit and vegetable intake (Domel et al., 1996; Resnicow et al., 1997; Reynolds et al., 1999; Lien et al., 2002; Young et al., 2004) , probably owing to different possible operationalizations of the self-efficacy construct. Barriers were less consistently associated with daily intakes than general self-efficacy in the present study. In line with results reported by Lien et al. (2002) , attitudes were not strongly associated with intake. However, 75% (vegetables) to 85% (fruits) of the children in the present study reported a (very) positive attitude (Sandvik et al., 2005) .
Our results indicate that parental influence is important for daily fruit and vegetable consumption. At age 11, parents are considered to be the most important social agent impacting upon diet (Hanson et al., 2005) . In line with previous research, perceived modeling was a predictor of daily fruit and vegetable intake (Gibson et al., 1998; Cullen et al., 2001; Bere and Klepp, 2004; Young et al., 2004; Patrick and Nicklas, 2005) . Next to this rather 'passive' influence of parental modeling, more active parental encouragement and facilitation was also found to be associated with daily intakes. The literature is inconsistent about the relationship between perceived parental control and children's dietary behavior (Birch and Fisher, 2000; De Bourdeaudhuij and Van Oost, 2000; Young et al., 2004; Wardle et al., 2005) . In the present study, a clear positive relationship was found between parental control and daily fruit and vegetable intake, indicating that children were more likely to report daily intakes when their parents demand that they eat fruit and vegetables every day. In the same line, bringing fruit and vegetables to school were among the strongest predictors of daily fruit and vegetable intake. This was not confirmed by the US study of Sandeno et al. (2000) , who found only weak correlations between bringing fruit and vegetables to school and intake. As the results of the focus groups showed us that parents often put fruit and vegetables in children's lunch boxes or school bags, we labeled this factor as a social-environmental factor. Bringing fruit to school is, however, likely to be a combination of personal (habit), social (parents) and physical environmental (availability) elements. As argued by Kremers et al. (2003) more research is needed to clarify the role of specific food-related and more general parenting practices in predicting healthy and unhealthy food choices.
More recently, the attention for potential physical environmental predictors of health behaviors has increased, informed by so-called social-ecological models of health behavior . For children, especially, availability of foods has received attention (Cullen et al., 2003; Perry et al., 2004) . In the present study, only home availability appeared to be a significant correlate of daily vegetable consumption but not of daily fruit intake. This is only partly in line with earlier studies revealing positive associations between availability and intake of fruit and vegetables (Reynolds et al., 1999; Kratt et al., 2000; Neumark-Sztainer et al., 2003; Bere and Klepp, 2004; Young et al., 2004; Hanson et al., 2005) . However, measures of availability were quite different between studies, reflecting considerable differences in the strength of this relationship (Hearn et al., 1998; Reynolds et al., 1999; Kratt et al., 2000; Cullen et al., 2001; Bere and Klepp, 2004; Hanson et al., 2005) . In addition, these studies showed that correlations between parental and children's reports of availability were rather low, arguing for more concise measurement. Although it is known from other studies that interventions in the school environment can be successful in increasing fruit and vegetable intake in children (Brug and van Lenthe, 2005) , school availability was not related to fruit and vegetable intake in our sample of schoolchildren. This suggests that more research is needed to examine how the school environment might impact upon children's fruit and vegetable consumption, considering not only one correlate (as in this study) but a whole range of school-level factors (for example, school policy, health education, availability of healthy/unhealthy snacks at school and in close-by shops).
Country-specific analyses revealed a consistent pattern of predictors of fruit intake across countries. However, the power of the country-specific analyses was much lower yielding fewer significant results. The consistent pattern of predictors for fruit intake across countries may imply that a rather uniform intervention strategy to promote fruit can be used across Europe. For vegetables, the pattern was, however, less consistent. It is possible that cultural differences in preparing and serving vegetables between countries are responsible for this larger diversity of predictors in vegetable intake in the European countries (Perez-Rodrigo et al., 2003) .
There are several limitations to the present study. First, the cross-sectional nature of the study neither allows prediction nor conclusions about how much change in correlates is predictive of change in fruit or vegetable intake. A reciprocal relationship between the correlates and consumption may also be likely. Second, daily fruit and daily vegetable intake were chosen in the present study as the dependent variables in a logistic regression model. This was selected because of the inconsistency in recommendations across countries, the clarity of the statistical analyses and interpretation for this large amount of data, and the similarity with the HBSC study. However, with fruit and vegetable intakes as continuous outcomes of a multiple regression model, we could have addressed a somewhat different research question, such as the possible correlates of higher or lower levels of fruit and vegetable intake.
Important strengths of the study are its large international sample, and the use of standardized, validated instrument to measure fruit and vegetable intake and its potential psychosocial and physical environmental correlates across diverse food-related cultural settings. Country samples are representative, total sample size is large and we obtained a high participation rate.
In conclusion, this study showed that especially a combination of personal and social factors is related to daily fruit and vegetable intake in schoolchildren. This shows that a comprehensive multilevel intervention strategy based upon a series of individual and social correlates will be most promising in the promotion of daily fruit and vegetable intake in children. Further research is needed to look into the potential effect of school-level factors as intervention studies showed promising results.
